mmmmmmm 

% w % m 

5 APPARATUS OF ADJUSTING WOBBLE CLOCK 

15 An apparatus adjusting wobble clock comprises: a phase adjusting circuit, 

receiving a wobble signal and a wobble clock to generate a phase adjusting value; and 
a slicer, coupled to the phase adjusting circuit, according to the phase adjusting value, 
slicing a first reference clock to adjust the wobble clock. 

20 ( — )^^Jb^MMM : % ( -b ) n ° 
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IS >L> KJ fM SI 1Z. ' ° {\ : .?r ffiflfi^ fMl' ' >i : ffi J ';• (optical disc) HX^U 

ft; tB §t i& >t ^ j v Md a m /in s - ft m ; w m </■ m m m n i • mm t-rm 

it') # £)! W & f ,V m ) V ( digital versatile disc, DVD) > Jt ^ /> JIB — CD 

t£ S! Jt *a |RJ - fM j£ It «P M A ^ cd A (,f l y » m ' #5fJtMM 

15 f»>y — ITO^fMffl^fg^l^*^ . ^EPWftJIft DVD i^tfit: 

m ( DVD-Video disc) - fftjft DVD ftltiJ^ — M Mk M ± IB ® A S£ 

4.7GB mmm • m^isift; • M^M/hBf ^j^^##^^mb^® 
±. ' i?f^ii dvd ^nytmmnR • # ^ tg s& fi is it m m iff % n j# 
n M- m mh% f \> • iii ¥ — # m m m m n «j m m xnmm m m - m st 

20 — vl i 01 ^ M HP IT 5$ m — # 5b h£ ft ft J V _L If JK ffi if #J u *4 - ^ HP m n 
Si B (ft II M h<; # f g m (■/. SI A E *M # M % « m 'U - n'u $D (wj ^ 'xi i 

25 Hj'^j-i: CD j'i'; fr"; J V (CD-R disc)5: nj H ^ ^ A ^ CD 3fc^M" (CD-RW disc) 
I^J#M ' m^m^ CD ffi i i" ^'i H "f 'R & A s v : CD 7fc^n-«JMfPffi 

i§ fit & j+j ^ ib m ff( m m mm-m itt ft ^ ^ ^ m m m m tf m m • m # ^ 
^ • wM.iifiJiHj ft "i ^nini pi/u nj cd y6Wftm"Sw.mm\^ cd 

30 3fc?lM-|B^«^-|^%ffJ/]] r^^^^^fgi^^^jts^m^m A^ 



& m i v s </ b & n k xK. % sj] m m i'/. ffi j v "j iii ■'/!• m f n m m m -s^ 
m dvd+r is a<j "i m #j t g $k & m ft isj -a- dvd+rw sat&egnr 
■if w ias# j/j tg m ft if!}- m* «j '/u ;•. % *@ ^ ^ 1 1 ffi m m w. m m dvd 

5 mM-jtmm (DVD-Video player) M DVD lftlf3fc?M (DVD-ROM 
drive)' «P DVD + R S3fe#f DVD + RW M,l ^ U f f !• :1V fl I iMt iflj fgj* 
{HJtJ ° 

10 StJ M fejc tll^i If # /Jn IB m m (frame) ! ffij # #j f g ggr fir >Y | : ftf flg # 

fft * f« ##c 5^ a?j $i m m&iE & & m m&m ft _t ^ # mmm 
* - pfr ^ ' is » ik m a nj s 5$ # «j fjg it <i m ft m • ^ « @s it ti & §i 

15 sik - mm^^^mm^mft^nm^mmm^mmmmmmiik^ 

it ( addressing ) )^l\[%k\\')tit\ ' ?f //* f-T DVD + R MM W rJ ffl< sK ^ti) 

mmiLmftmni^ dvd+rw m^m^mMn x^^^mmttrMftM 

M ' If % M IP S f v. ill: iff C address in pregroove, ADIP) ° 
20 WmVfim'm ' ft ill: jt$4^MfeHl if ( phase modulation ) #5$BBSfcEftSlI& 



v>^'ir^?^ijMi%,« 4a - 4i. * 4c (\')^am ° g^sn^s* 4a ifij, = . .imrdi 8 

fglili/jSOT wo * wi - W2 > W3 > W4 » ws > W6 > W7 mRivM^li^MBWM 

25 mmkmmmti • wmmmmm wo mt^m • mrnwm 4a hpm^ i8o°mm 
mit - mstmmwm 4a f^^f^iihfT^wi'Oi/MOi; c adip sy nc unit ) - mfftmm 

W\86t 4b if l,| ' JLIlL TV f 1 8 fUllKjiai^l WO - Wl « W2 - W3 > W4 » W5 » W6 « 

W7 mmmmiixmmmmmtmm^Mm - nmmmmm wo m%m - 



30 nmm 4b bpm^i lso^^af^^ - iit:«^^!r;i wo mmmmm wi ,i-ir,jju^ 

HjtbJii&IH^ 4b BPtfJSfuilhM^— WftW-Tt C ADIP data unit ) > &MW&W-Jt 

wmmmm'O" ° mnmmwm 4c to • jt^^w s wo > wi * W2 > 

W3 - W4 > ws > W6 « W7 £iffl{u.m mjj&ftti&8ffimmt&%mfifA > mnm 



35 mmm wo mm • «ia/jm^ 4c ep^^ iso^j^m: » ut«Mi« wo n 
smissj wi iii i - mmm W3 mmmmm W4 ^wj.xaias6siaa w5 
mm we ^ra ' Mi&iHiM 4c $ffrmm$i lsorm^mit • sjtbsn&m^ 4c bps 
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mtmmmmm c adip decoder > ^m^m^m- ° it m r# #hi w h 
5 5 . h pq j§ ^ *a 3fe ran « ^ #e 10 mzhmijm^Mm • m in a n hi eg m 
^z.itmm%m 10 rafi^sfii - ^hs^ » in in/ k ;> ^iu f^c mm 

m .:)\ Wt WBL * WBL' « WBL"J^^iiSfjH#M CLK ° 3fcfM^M 10 felt 

fj - ^(^i'r 12 14 > iiu ■■}{. m m. 14 ^^w— it mm 

( pick-up head ) 15 • f$l ft ^ g§ 1 6 * 1 8 > — & Uj B# M j£ £ « 
10 ( wobble clock generator ) 20 ' — I^IPits ( frequency divider ) 21 > — 
fu ±lh St ^ fi? f§ ffi (ADIP decoder) 22 > & S. — $'J * (controller) 

24 - mm^m^fti • dvd+r ia^i^ dvd+rw mii^m 

i'r 12 jfff 1 i • ?;v m I V 12 triM&Hf - (ft K W I V 12 TtfiLMm t - It j' Ml 

15 fiit ' ifr EU ,1* ft m >?)i m % f£ n^iW.y M iiiV ift, ill !?'.J m B j& i'i'; m ft (groo v e ) 

id ^ i'i" -it n - liXRi^nmmmmxmmmwim » #m » nnn 15 # 

■InlV «;V 12 ^JilfjIAMiTnittmftiafeinM wbl M^a«$£lg 16 . 
MiliM^ 16 tf;yUttriWMMrt.-K 18 - — j&ffim • 18 

20 J,l -ff Q fjl ( high Q-factor) - aSHIIt^ 16 IWf£ Q ft ( low 
O-f actor) > Statiggg 16 Q f| - HlfchJ^M^ ( frequency 

domain) ± > *£SS«$&3§ 16 St ^ ffiifi — H ^ £ j£ 0^ fft 38 M M WM 69 

Mm ' mnmmMm ie mmmwm^. wm.^ ft \ i \ m m m w wbu 

( 5UHIsm7H) ' M ffif Kj iftSf WBL'MfutifcSMW^ 22 jv s >i 

25 inn is . ffisttfe ' m n m m m $l is mmm q fa > Bjtt^istt 
m m iniwB l- m m^m m s m ^ w ii aii an % w b l" . it ft tti n kj m 

"M WBL'^liBfli^ifl 20 • fll{j^MM^.mg& 20 j I J ft 
ilfiJlKSt WBL"I4- ##B#i5 CLK_REF > — jKMS ' ##B#M 
30 CLK REF Jg >$? iff fl ffij IH % WBU'^ lf - ^lj $n # # FJ# fljfc 
CLK_REF fi^^^^^jlSfji^^ WBL"©g$« 32 fg- Hlit^JiMiS 

— i^ m m 2 1 m ± m m m m m m m clk . m ft ai m ii »j m m clk m ^ 
fit m m m m -m 22 . s ^ g§ ^ ^ ^ C lk ^ ^ >p ^ ^ # ^ ^ ^ clk_ref 

mmm&3 1/32= ■ fi±ii:»s»fi#ff 22{mrj#c}m»im clk ^ 
35 iiiinit wbl' u<miwm m ,;n ^ wbl ^ m *b ^ m & uv. m m 
adip - f?* f</i! ^ i& » j ge au m m m ± m m 20 mmmmii.w^m^.mwmm 
wBw$im3L#m&mm^Mmmm clk - mmtiMmnmm^ 22 
Rr^iii&H#iR clk mmmm^t wBumn— xor mmm^ • 
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m&mm^^ffifcimtfjiiLiitmm adip - mm > iit^ 24 {gnjigfii 
fi±[h^^f adip mmi^^wimmm^mytm^ 12 mffifMMSr 

5 

jnasffiTp • fiffijm^ wbl^i«<iii & ([fit q (iiotm«« 16 
m m t. m 20 m m 'i- # # h# m clk_ref m \n m m m m m m. wbu • m g 

fi§ »J m %t WBL'M II EB Jt- W rtr Q fB ftj # 3 ® ^ §g 1 8 it S & £ £ ' ffi 

io # # fff M clk_ref pj If ill ^ it it ft rfn ;S £ M Wj m & clk - £n it ^ pjf 

w *o ' fi a m. §§ 1 6 * 1 8 it fj rii & is a Bt # ^ fiw tts m % gg m a m 

lft2:W S '\-mi'fM W (phase delay) i'i'-J LJ % • ^gglft • HKjg« 
WBL' m gg K) p % WBL' ' 2. m # H M ^ RI fi^J frr iffi « 1 6 ^ 1 8 f£ « 

rfoM^*gfi^ ' mmmm±mmmmm 22 mmmmmm clk 
15 m m m %t wbl- m rt #g £ ^ #j a «■ m t<i m m m • m # mi a- - in ? \- 

Jt III IZ9 ffi £ fu i± if f-4 » 131 & 22 ft? i§ fu Jtth * 3^- ADIP m m ft" tf ;S 

si a wb l' #j m m m m m a- m ^ - i«i m - m m m m mm is ^ m 
^ m si » m wt wbl' a /rx m & m w m ss fi • su n ^ in m clk ^ m m m. 

20 ^ pn m A m o #i ffjj . ^ ^ j® ?f is K 5^ 1 1; » tB ,i.H M &9 ^ f? • 

wmmmmmmm c^mmmmw, wBL'^w#gfjBg— ta^^^fip 

MB#M CLK'^fflfi#^^Mi!jinii WBLTl'-jfill'/: ' $UHAF/f^ • Jtt 
H#fiigjjH#)M CLK'|afiifj|ji§jg wBL'^ffifiltil 90 g - ^nW^rMt . 

it tt m m m m 22 % m m m h-v m clk m m m m w wbl m n ■ xor m 

25 ©IlJ^fl- ^"^^Wfiilh^^ • JC'IMttl /'\ W^,±iJ\W Si 1 1 1 m 

m h# m clk ffl ii # m ^ w b l' m ff -xoRiiii m m * • m m a 

ffi7fi2.mWt S2 ^EBilKBf M CLK'I5|MSijI5iM WBL'lifT- XOR M 

itM»^jism • i'ii^ULi? • ttmmm si S2 pk-li • >v i-a j-ih n n wi 
mm 22 i&wmm. S2 m n m m s& 1^ k wBL'^M^fiii^^fia:^ 
30 f4 ' mu & i± m m m m m 22 m m ae m m m m m m m wb u m n m m m m 

ft; . 

35 

^S^^fit— gut MIH9/mim)^ ' fea-W = ••i : lif'/: I ,1' 1 |'irfvh;^r • £M£ JiSft 
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# # i?B — ffl fi fi IE m MS 3fc ff 2* - M 1» fa ~- » H# M £ 

m % m « fi ii si 15 >i£ «: j>i f$ ira ss it 5: ji » m m m fi s so m 5t si # 

Pf JK 69 *B fill- # % US M ^ ffl fi M>£XR U M M m m HE ^ *B fi & 

ii ft £ jii ®; 1 1 v m fft i i±L m m je % m m m m m m fi m m - >p m m m 

15 a^ffifigg ° 

If #MH!t > EltfS:«W«M« 30 l^j^m^mffl . 
30 &^vfc -^ffijV ( optical disk ) 32 Ja^ -)'mm ( optical disk drive ) 34 • 
SI 34 fe^ff — gf SIM ( optical pick-up unit, OPU ) 36 - (band-pass 
20 filter, BPF) 38 * 40 > —ffl&mMj££.WB& ( wobble clock generator) 42 - — fifth 
fff3ft8¥flf g ( ADIP decoder ) 44 - -R&ggg ( frequency decoder ) 46 > — J£#MJ& 
( controller ) 48 » J^&— ffifisRRgTOJ ( phase adjustment circuit ) 50 <- |f ?± ;1; - 
IK! L; ' | 1 ' 46 M ffi fi ff 1 1 H m 50 {£^^SIKjB#IM3l*i& 

42 - jp<\!\i ' 3^ nTSI^Ktlii^ 46 m t R fi M)f & tt 50 ^^#11.^ IM/Kr'K V[I 
25 i) ! ;-r 42 i|i > ^B4-^^$Bil ° 



* w % m ^ ' >t n 34 tfn g§ @ ^ - f i g u ^ 5 o , mm m m 

fflfiJJIIIlS^Efii PHASEDLY MBfcMSg 46 J..J S li & M 46 'jttfi^Jli 

mwm clk ir-j-Hi-w » it#KBi;^ • m am m±:m^^m iiimmn^ 

30 50 69 iij fcg # ij£ 7F ;g H - ffifilMWiKr 50 fe-^ — ffifi-^sfsjfciasg 

( phase-frequency detector, PFD ) 52 » — I+Ifclg (counter) 54 ' — H# 
li'l-lS ( clock generator) 56 • PAR^nWi MISSIS ( decision logic) 

5 8 • fi - ^ >p it <k§§ 52 mm m mmm?MWBV mm wj m m c lk 
m m fi is m ii m i\\ m m m m n m mm, up - down • if* m m m - 
35 '}['■; m nil wbl' m m it fit "o"$f m m mm fit "i "b# # 

ltm%i 52 fi tB &. rM M 3% UP > MPJIKJF^ WBL' I'l'-; il-.^r (rising 

edge) ^mmnmmw, up - niRmmmmm clk EfeM^e-o-ii^ 
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^mmm-r-m^mmmiiL-mmitm^ 52 mivwmmm down - ^ 
snjiKjBf m clk miEm^mmmmm^ down • mit^uwmm 

mmmm up > m^wjmwt wbl' m&nmr® t+cit t$ m^.je^ - mu 
5 t 1 i'/. - m m it m 52 # m m m m m ± s m down mmm 
(impulse) > mmm{ii.-mmtbmm 52 ^mwmmmw (reset) e?m 
in & up . down ; m m m - n m m m m wbl- n m m t m m %nEm > 
mn-mmtmm 52 ^nmmmm^mth&mmm down - mmmm 
m clk m m n m m T+dT m m ; \- je m • m m iti -m m tt m s 52 # is «§ 

10 & rffj ® tB f'J nil §i u p M ffi ' #8 ft ffi fu - m ^ tb ^ ^ 5 2 # m HP FJ Hf 



mSSSOJ-lM up - down . 

It SiC Bf 56 f^ffljft /! £ — # # B# M CLKr > M ft ffl ^ # # 

mm CLKr M§t5» 54 • rTffatffifc^ 54 M!l^»M##HfM CLKr 3fcfft 
15 & ® ffcU |K IS UP * DOWN m g ,y m IS; cfi p/f £f 0 £ # # B# M CLKr [ft 
llli (cycles)' V [7 ft £B II I M ffi 05 St WC ffi N U M 1 - N U M 2 ^ fU if M 
mM r $& 58 > ' ^#^"B#M CLKr itj M Fr > ffff^flJ=JUI 

up m«SFr5Ht iim t P i - wimmmmifmm numi mpjs Fr*T P , • iaj 
« Jtk > it n m m m down mmm m m&n t p 2 fit - m ta m m 09 it m 

20 fig NUM2 fiPfi Fr*Tp 2 <> £1 Br & « % j$ 58 g(J It H 1 1 & ffi NUMI flrhM 

fig NUM2 £ gg m * ^0 Br g S fi tB ffl (4 il S i!S xe M phasedly M ^ lit 
S 46 J^SWj^M^ 46 M K J£ tB 5: Si W) M clk ii'-j f 1 1 f - .f i ! { im 

\n 1 ! ' ' ItMfB NUMI «f ;jl!,iAMIr ' fffftrlfcffi NUM2 l|IJ m 1 lj| ^ 

i^iifa • ^nfmmmm^.^ 56 mmta^mmmm CLKr 
25 f^sniijBfM^^Emi^ 42 p/f fm tB ^ # % m m clk_ref m 400 m - 

^fiP5^##fif m clk ref ^ - m # Sif 0 400 mm-mmm clkt 

£ js ' ^ w is m - ^ m m # % h# m clkt ^ it » # # ut as 

CLK_REF> IfJ##H#M CLK_REF ^ — MJW l3<J It ^fi HP 400 ' - 
mitm^l 54 {^^#%flf M CLKr ^ftM® 1 /^ M CLK £5|IHJj|Jl^ 

30 wbl- Jtmmm^.mmmm(^mmmmm'^mm mmmmmmw 
m clk_ref ,>/[■■ m mm • 

a 5^ 11 si? .in 1 wbl' eg m )■•'< ® ^ a n ^ ^ 3 s m m • s. is? s « ^ 
35 ^ 38 1. 1 •{ j % o fg - ffikxmwjmm wbl' # m ^ ^ *m s «j i« is 
(jitter) . ^fip^jM#-tff%aKj . mm - fiiKim^ wbl' 

I'I'J ii il'I t : V-) fii'i (long-term average) — ^ffl - |i i fjij !'if jdi: » gfi^ 

m numi ^Mjss^fto^sig up - yffwnmm numi f^^sii&^M 
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WBL' #<)mi<LvM9c (lead) »!« CLK *g #j iflg Jg . f| 1 1>/ Jfe - 
If Itfil NUM2 f£ n m flill 1H We DOWN > ^HP If NUM2 j^mmwj 

m$t wbl' ri^filfV;^^ ( lag) M Wj R# M clk 2. ffl & i& (H £■ ' Hith^ 

a m )\k u r • //'• Ji «] ih m wbl' ^ ^ & m & + » m a it m re n u m i 

m ' si m m m &m 401 m _t ^ # ^ * fi & ,ui wbl- m m ol - h 
jft^w si $i f - n mmmmm 58 m a< « m m it m #: numi mm 2 m 
m m m ft it & fa num2 m hu 2 m m 2 \iv. w m <«k v^m * s as ij « 

£g 46 3fc 3l • # % & TH ?1 ffi] 0# JUS CLK tfj *@ - 

10 

#j rr & m n & 5 s m ta +0 & ui m m p h a s e dly m m iv m m #c 

Mm - • in Kifij \ : Kw^\>>mRj<mwMw wbl' . mm 

mm clk . mmmwt up . mmmm down . $fiBr»9tmi& 58 ®tm 
15 s m m wt up » down m it n £ i® m sum - #j iiit^ 58 st w m 

m SUM ^m^'KWi CYCLE - J:A.^tllf>/: MW&aL m PHASEDLY ° 

if m. m mm^m 56 m m m ^ # n m m clkt m m m % m m m m m m 
'i- vttii ! n 42 mmtti203$mm clk_ref m 400 m - u fiif^-w^u-i; 
k 52 ^ s$ 11 ®j m clk ffi m m m m. wbl' 2 je & mmwtm± 
20 mwmm. up > down . mm - nmm ti b# • jiwjr#m clk Bf$iEm. 

\f\i g S IB "0 " W S M Iff ffi " 1 " - IMjItVTf® S fll fu - M m It m #152 m 

mnmmm up >m mm mm wbl- b b# i?g t2 m^tmmiE^m s a 
down mm^mmmmmm^mm^ up ^ down • $tm - st 

25 m §g 54 ^ » # # M CLKr If & ffjlj ^ % UP fi^ ^ It B# I .".J 1 1 ~t2 jffi H 

£Etf®[ffi numi g 4 - nmmmmm 58 mm-n&jmm sum sp^ a > 

rfiisf ffMMfti sum S^li^M cycle f§ 1 . IS^.B • .hatSMi^M 

down m s m m m m m m m m m m • h itt k m- m m m m ± rt ss tug 
ifii f^i!H-^«iu sum ° e^Ht fs t3 • mmmm clk m^.jEm - HjtL» 
30 ® t@ (5 - m m tt m. m 5 2 ^ tb m m m m. down - m m m m wt wbl- jtc 
mmm ^m^-)&m?M * strnmi^-mmbtmrn 52 mmmmmwt up 

m&mmmwLU&pmwt up > down • $tm - if- ass 54 
0mmm clkt it m #: ft? ij m ^ down lY-irj-fetii'Hi'.j t3~t4 MM^tf»^i 

NUM2 ^ 3 • 1 1 1 //> I I I J 7 1'l'-J f g ftj SUM ffi 4 - H Jth P\ W\ M $lf H £4 58 #H 

35 tf 11 ffi s u m m k^ep 4i3)> ffi? it m m m m sum mm~&m. cycle 
1 1 2 - gf a s ' ± m & m m m up .ffi gf j& 2: m ffi w b# rm w pb @ m - w 
jit s if ®c -fig * _t ^s^mm^mmmm sum. i. ^ i;g m - it^gg 54 ^ 
m m. m # # Eif m CLKr nf g£ m m w u p m w m m m ts ~te m m t. gt m 
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m numi a i > mitnmmmnm 58 #Hff$sfn sum n 2 ( ^gp 1 

'Jl! 1) ' WstatMM'n SUM 6^M^t£ CYCLE m 3 - [sfffitiz ' StifeSS 
54 4&M0^mWi CLKr gtt^^MIH^ UP 69fMHf |^ t7~t8 - tl3~tl4 
rfoM^lt^fii NUMI >> ^ J f J j $ 5^ 2> J^Bigf tfc^ 54 CLKr 
5 wf MVEMm^i DOWN 69f# jjgRf m t9~tl0 » tll~tl2 - tl5~tl6 - tl7~tl8 
ffijM^If Mfll NUM2 ft MM 2 > 1 - 5 > 2 > Mlgfp SUM Wift^lliL 

j^TiK o ^ vt m m > ! ' . nmmmmm 58 ^ m m m m in m. wbl' mii 

BfM clk zm- («□ 4oo f|,v| ji iUI ) 69 m f£ J£ is m M & 

5E^i^ifigK)^®^ 46 mmmmmm clk 69f§{£ - 



' mm^m^ - s^na ti4 m > nmmmmm 58 s m ft \ 

SUM Li ■Jr. )/< 400 ?£69M}ff ' Jtfcfl- ' f U HTf M - ©#fSfe3S 54 fj£ffl#^ 
H# M CLKr ii If 8£ Kl .# H# M CLK M f g ft/j ,|H M WBL* ,*: |,"| 69 f I ! M ffi 

m m m m m m m m - m m m m m m m m m 69 it m m m n 200 > m m ^ 
15 mmmmmm-nm^mm clk_ref z^mmm - mum^^i/*] ti4 

^ fiff » £B 09 « ftl sum fm+200 IH-200 /•'!,",| - MJliijPtM clk il 

kj % wbl' nu m ffi m 69 0# no pb nr # ^ Jfe fi /Jn n 0 
#p# m clk ref . mitnmmmn^ 58 m^#i»i^ 

*Tl liii 46 gf B#JK CLKREF £ — M M J$ 69 H# -fa £B SI 

20 ftj m §a CLK ' ^ fifl il K; ^ clk 69 +0 ft If ^^I'SS EI fffi SB %n T • 
fl iSJUWIH^WBL' 69 ffi fi H 5t Jl ®J H.V JUS clk 69 ffi (5 > J. Ffe" # £ ta 

fe^tfjffi o.3T c t mm^mm clk_ref ^m«8 ) • ^nmmmmm 
5 s in m m %i ;{;y 46 k m m m wj m is wbi; m m m m 1 clk ^ m 119 tii 
& ^ - ^ bp if mm mm ss^ m m m m m^m^-m # b# k clk_ref 

25 ^-ili (IT) 69 Qf' h'U 5ri li tU ffil fj m m. CLK . I II) # 5g $i fj] ,iH §ffi 

wbl- 69ffifi^^iiffijt^M clk 69^^ ' mmmzmixLm^M 

0.7T • R ffjj US f# SI ItJ M 9ft WBL' fMifrlM CLK li9 i : l 1 1\'< fffi A; - m 

*o m m • w i i m m wj m m w b l - si k h# m c lk 69 m fi /T: m m m z. 

m m H PS A' Kr$- # # lit M clk_ref Z^M M M 69 Hf ffl Eft - if S $f « 

30 gg. 58 ^^mmmmm 46 si ?Mt#^Nfi clk_ref ^-isi 
69 ff# m m m m m m wt clk dx m m % m m m /J^ ji kj in m wbl' m m 
m m m clk z m m & n 69 a 69 - 

SHAnJ^n ' 5$Bf fsl 1 14 H# • ^Oiffllli«M 58 SUfLI SUM t '. '/,-', 

35 m 4oo >x 69 m n » n. » tB 69 n ? n s u m m n 2 s 0 . ^ ^ it f p s u m m se 

fflM^;S^+200 . HithMBf ^ tl~tl4 4 1 • $$MB\%t UP 69 & M m H A 

j^ffumafc down i^^i.^ih^i/h ' gi^/H-s^ ' mm^m - iiffijB#ms 

CLK 69 ' : l I yft i«: «il # ,U I W. WBL' 6<j f 1 1 fvV . iLM#69fflfiMi 3 ffSJ« 
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zmnmmxnm^mm clk_ref z m m m co.st) ewng • m 

nxnmmmm^ 58 &ff9iffiji&&38 46 m^-mmmm clk_ref z- 

mmm c m mmmmmtammwm clk • ^fipsg^fii&^ig clk 
rivflifw^i Mifrin^ wbl' ir-jf if,/; - nmmmmi^mmmmzmm 
5 mmmstm'bts&^Bsm clk_ref z^mmwi co.st) i&H#ra ■ 
mp £o iff m & m m 58 iiit/i^M^ 46 mm^mmmm clk ^Mm^ 
wbl' 2. m m m i±l n ° ffiixiti? • ti4 m • m&wmm sum 

/Jn^-2oo( mm-280)' &nmm sum a n w - m nt b# rb ti~ti4 41 • 
siM^as down ^ is ft m m m * ^ m m m %t up mmnmrnm > m 

10 w^,** ' - 11 i/j w m clk n<j in hl % ffi % m m m m. wbl' m 

m & ' 1 1. ,44 # w 4s & 1$ m ne 5: m m m m xnm^- m m clk_ref z 
t m m m ( 0.5 t) (fj\\!y\iM > mi^nmmmnm 58 siiimsi^ 46 m 
m # ^ m m clk_ref z — m ( it > ^ nt ^ ^ n ta & s& m m clk > 
# hp m. m m m m m clk m m & m m m m m m wbl- m m & > ist 

15 etj ffi f£ s pjf jji £ h# p t ?3 1/ 1 ,! is m itt rfo ^ mm^m m clk_ref 2. ^ fgj m 
m ( o.5T) KjBt m ' ^mnmrnmnm 58 46 ^mm 

m m clk m n » ^ ^ wbl ,> m nv *@ ^ ^ •• 

^J®faiS*M 58 ^-ijAI^S^ 46 ffi P H IS -III 

20 PHASED LY 3fc &ffl&m& 46 P#^ISi]3^M CLK j : | | f,V - $fl^j 

4 1 ' #^JBlfM$t«^ 58 itlgfn sum E 55 ■ - M M Wt Opm 400 

^ ) ' nmmmmm 58 #js»ign^a sum ^ztkfem&mm 

HxxEffi PHASEDLY • ' 3g##H#|K CLKr fi^M^^##P#M 

CLK REF fl«J N fg - fillffl SUM /f5^+0.5*N |(|-0.5*N , *rl ' M£'J 

25 iffMit«f& 58 it ^ @ utr it a m m & 46 mmtt.m^mfcm 

PHASEDLY : mmmm sum AI^+o.5*n > Mf^WrM^MM^ 58 §&Si#i 



A^«^ 46 eUffifitPK^^f® PHASEDLY # ^J^^F^fflfi if S^5£ 
ffi PHASEDLY MM 1 (5^MP PHASEDLY=PHASEDLY-1 ) ; j&^Jjgfl] 
SUM /j -0.5 *N |,",! - fllj M iff M ft « m 58 IS 5£ It A m M f, § 46 fftffi 
30 f,V mi&'M m PHASEDLY ^ h\{ % f& f 1 1 fu ,M ^ rS Si fit PHASEDLY M 
m 1 ( '/J^UI: PHASED LY=PH AS EDLY + 1 ) - • ^^^g 46 {|g#c}Ji0f 

© xbc ^ t s <& m m m & m phasedly mwiMwmmm clk zmm > m 
mm m^^mtiur - 

35 if#HHH~ - H + ^ffl-fcjSjfTF^I^S^ 46 . 46 

Li.'^ fj' ■» : -m.W 60 • -ff/rljrf (register) 62 - — MffiM^E^ (pulse 
generator ) 64 > — fct^gg ( comparator ) 66 » —• D MjES§§( D flip-flop ) 
68 • I'X ■ h>i ',;•!•; C inverter) 70° WlMi^ 60 ®^##H$M CLK REF . 
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Mitf?##H#jM clk_ref m k m mmm - mm^m&sfmm^ 

COUNT mttm-^ 66 > mWlifcm ' # -# Bf M CLKREF ^g-Sll^ 
IE|0:#jl#iiflM 60 T<iTr%^^Plf Mie* COUNT > j^#%H#M 

clk_ref zm—mmwAB^mmmm eo writkisi}jnit«£ii 

5 COUNT • jfcfl > 8£M^ COUNT ||| - #J ^ fit M ffi M llU M it 1 lj ffi 

/E^^ffiHf ' tf-»g 60 #mHff mis^ count mmwtfam - mm 

ffiSfr^JPfti^MIS count Wlff > Vi : jjg 6>iJ ' I ' • rVI&'Mrii; 46 f£ 

clk_ref ummmmm, clk wi$g##ni 

CLK_REF /' U\ m I'l'j l/(2n) - M^ff-tlM 60 #1 fx n H M il If f£ # ffi 

10 HItt-t£$g* COUNT fSrg^^fil ' Itifc3§ 60 f!<J i'E (Tfim.^Jili ° W# : 

^ 62 f^ffl*##ffifi|llilS5£fil PHASEDLY > BKlUit'tt 66 {M It 

$5 d I- iK^i 1 ^ count W- firm til f£ gj| II !£ £ ffl ph asedly - ^ if g& M 

m count ^^ffifi mm. mmm ph asedly . Mtttes 66 - 

$Xmw\m en J^HiJjMWM^il 64 Brttl— Mffi§« pulse m d miE 

15 'riii 68 z. m m m a iss c - d m ie r s§ 68 ^ £f js e ab & jaim » 

# ' I) 68 gjfj£lESfc»S • IflflftS PULSE 

f[a"0"$f-PMM©fil"i"Hf > D MIEK^ 68 Sf^ttAfig D \[) fi H 

mmmmmmttixm o - mmm • m r> miF.fcm 68 sj?ifti»§t > mo 
nmmwx^i pulse SjHtfit"i"W*»sM*t#t ,, o' , ^r ' n m \\-.\im 68 
20 # m m m m a m d ir-j it 14 m m m m n m m a&i o • m • vy m m ^ o 
m m m *4 # m \ a r i «j t§ 70 ^ it a « w $t ta ^ d - h^jhs^ - « 

SDg fW^«J#M^fiI"l"'^^'atMf MliA^rsf C § iJK f'l'j ,1/1 3ft PULSE 

mm mm • »*4 ®a j ,^ o #it^si4iiA^ d mt^si^M$ifB"i" - 
25 s iiij ' ;};-r 70 nv fv ffl - h ut -a 14 fiw a m d # m j# p tu p: "o » • 

n mm » a b# m hh a « c s m w m pulse m ie m m • m tt, 

i^fpffl ' H itb * *4 fsr a $g d ithH##ititiiWfi"i" » $n_tmsi ' ftH' 

isii^ 64 HftBMfjiH^ pulse ut . ff^drajss q ^jM$sfiifin# 
30 ffi^— ^fi^nm (toggle) - lit f4 ' «*4»m^ o m iii t±5 1^ wt w 
mmwmwt clk . 



s r fM n m m • t£ ^ s 46 m m m ^ fi m m m clk w ^ ^ # fi # 
35 mmm clk_ref zmmm 1/32 - &nm^ eo mmmiEmmm • m 
w. • f ;v ,i i- ^ fn'1 count n<j i/i di'i !3 0 m • it 60 e& ^ f e us 

ff-Mff-MfB count - m*m 16 •^^iiilMt?:il^;3,i| 4!^f|tH count SfB 

m 0 - $pin-f — ffrTK > nmm urn - ##h#m clk ref lEit 
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iTiHM-i£i§ 60 mmttiftm-WLm count m 15 > s^st mm count 
iii 0 mm^. 15 bii^js 15 ^s^mii » h ift # # # h# jk clk ref n 
mm t2 ^feiciE^Ht > nmm 60 #mtBit »it count j§ 0 - mwtm 

»##BtM CLK_REF ,*lf;J: • il-^ *'I"f ?l ^;j|!rl ii&fn'i COUNT ° lj\ \.\; 
5 PjfM ' tffti COUNT # ^ ftj iti m M. 5x ^ { 1 PHASEDLY Q# • tbW 



m 66 # 11 m M M £ £ I 64 'It^MWlttM pulse - I--J \\!ffr%n&ft& 

m Hi 5m/ o m '» fa m ± in. m m m - m n m h ■ m jt< ^ m m m m. cLKa 

Mm ' S5^jfchBf miiimmmmm phasedly n 2 > Hifct^H'ltSHii 

COUNT#S*2Bf > fr 14 $i ff, SQWI >|fr fit # j£ .'!• ffi ip m M ' H jffc ti 
10 iilf CLKa |."=J t4 H#SM$ifB"0"|f ^MM$ifli"l" ' ffiJ^Df K t7 

m ' mmmwt clk 3 MijiiM$W'i"$«MMiW'o'' » iwjs . ^itt^ 

fit COUNT itflff^ 2 B# > mWjmm CLKa H mJ6 / 3M$ltii"0" 

$$ m s m $t " l " ffn ^ £ — # fu m m m - is i — m ^ £ n kj in 

CLKb mm ' fi fl 11 fx JE fl PHASEDLY J§ 3 • @ jfcb # If Wi ffi 

15 count 3 Bf . »l4llitBiro Q If ffll # *: £ fi g| - HjltJl 

mtdim CLKa ^fffitg ts tit mmmm ,, o , 'mm^.mmiu ,, v^ mnmm ts 

R# ' ffiHlilfls^ CLKb ti}MMtt"i"#»Mjls|iffB"0" - |HjJi > msiWt.i& 

COUNT W^N- W; 3 m • flffijlfl^ CLKb 2h"#Ffl @ HU ift ig$Sffi"0"$i 

»MMffi"i" « (njii > ffs$-Bn — m^jiamis clkc mm • iii 
20 n m & m k is m. phasedly m 1 • mttrnw^WLm count i 
m > o «jiiiifia#^£E^m#^ - m itt si ®j ik % clkc 

/^H'/l-".: t3 £l#Etill$tffl"0"$f:»MMIIKti"i" ' rfo^HtW t6 r# - mWiW\ 

Wi CLKc E&M$Sflt"l"|f m^.mm{M"0" - ^JiS - ^HtKfi COUNT fft 

ftif?#^ i ii.'/ ' mmmvM clkc ^#E&@M«jawftf"0"W^MMit 

25 fii"i" ° 

H/J«ife ' fiKBf m CLKa » CLKb - CLKc 0.5*T1 fl^# 

ft M CLK_REF JW IP! T2 ;'|'J 16 - f^^sg^ . iii(;H#M CLKa > 

CLKb - clkc z_mmw nm^mm clk_ref ^mmm 32 ^tL— - 
30 ji: 1 [ 1 iii n m m m m clk 3 - CLKb » c lk c ( m hi -tm <:< m m m m 
clk ) m m ^ m m #1 & p m 5e fa phasedly . h nt m wj m m clk 3 > 

CLKb » CLKc mm^Wimmm ' {a^SIKjRf M CLK a » CLKb ^ CLKc 

mffi&m^mm - ss^siii/ti^M clk a p/Ta iiw^fi iMiMis^fii 

PHASEDLY /Jn Jfi g)j Hf JJg CLKb /W fit ffi W ffl f5 H «f fiS IE fit 
35 PHASEDLY • HKtJiffijB#M CLKa # ¥ II Df M CLKb M*^Ef5^ 



»g§ ' $nBH iTr^ ' HffijBf M CLKa /nil-Vi/il t4 H#fiPj±Iigittfii"0"$® 

gsitfr ' {a m m m m m CLKb mmmm ts n.*/ -piiiMtiifur-o- 

IISISI'T' ' S^ilSft^M CLKa m^I««;ffifeII|^|g5Efig 
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phasedly mmwmm cLKb ffi m m m ffi \± m m. m m m phasedly 
zmmmmm 1 - mvxmwimm clk 3 m m izl # m % m wj m m ci.ki. 

CLKc ' ^ 5$ M Wi n M CLKa f 4 ft Sf jRg 1$ ffi f£ HI H gg 5£ fit PHASED LY A 

5 ^ n m m m clk c m m m w ffi & it m is s fi phased ly - m nt ti » h# 

iCLKaft ^ II gj Bf M C LKc JTu if: 4-1 f£ P ft & - $0 H + — pjf ^ > j£ 

» Bt m c lkc n m m 1 3 n# e±j m m m " 0 " $1 it n m it iw "i" - mi m 
m m clkh ii'i ^ fit 1,", j t4 ii.'f mi m it ffi "0"$i iiiif-i"- a ^ ti m 
mm clkc fifr m w ffi Hi tM m t& m fit phasedly mmmmm clk 3 

10 m £f JiS as ffi p $1 ^ ^ ffi phasedly m i-m 1 • mi^ifiiKjuf 

M CLKc lMf&Hlfcb#fI^SIRjEl#M CLKa ftffifiZ fEIMJW T2 ft/Bf 

I"! ° PJtJ^ ' 4- l'i #!J 1 1 1 ' *Mfiffif£M^l£^fB phasedly fi^ag^M 

nTsi— &miEMmm%% clk & ti 1 & » 

15 $D±§1 ' 46 i$ il ft :4£ SI f£ 5* — M 5e ifcfBts M 4' ^Bf% 

ikmm^mm clk_ref ^M#3KM^sf mm count - 
fa count mnpfft^j^mmiiLmmm^m phasedly u# - 46 
hp # m m «u m si a m m clk 0.^ -*ftfv.#$i » m bi ^ & f 1 $s in f % 
mmmmmmmm clk_ref m m m m m clk m m m it 

20 ( frequency ratio ) - |f|J,^ ffi f'/ ,1>.VJ M ,R- fg PHASEDLY f^ ffi :|i flf IE 

mm m clk riv t-i 1 h'>. - HitbfiM^SM±^^f^^a^M^iii^^BT 

JIJ*fV!3 34 '|'i''r WiMJW!^ mm 46 • 

^iiNiU'ir-K ' nmm ti4 • mio sum 2so . aiMmMt ' mm 



25 m SUM A^+200 ^ . ^^li/jHf/M CLK I'lVf: If^^Jlll'^ii'lcl/c WBLlT'jfl 1 f vi - 

J.IISfjKtlM clk ffilll&i^ii WBL'^ffifiMPfrf^Fgi^H#^|1^Pi^:S^#%RtM 

clkref Zi^mmm • «7^>«»i clk lanK)^ wBL'^m^ta 

fulg ' ^ftM^J* ' HA5:^J»f«»miS 58 #M^ffif4ii Mg^5Effl 

PHASEDLY ZLWLffi. ' ^EPJlll/RfM CLK SSg¥I4fiifl»S^Hj 

30 mm clk WBL'^WdtBfi^ • BAR 3 ' ^#55 ti4 fjij . ffi fi 1M m. 

Wifcm phasedly 2 - mm > mmm ti4 . ffifuiis^^fi 

PHASEDLY !WI^5Eli 1 • llli ^ I" ' l ; lf -I ; /: 1! # H-V !M CLKa - CLKc 

^^immmmta • 'it m kj h# m cLKaM^p^na/Bfiug cLK C pt - fiai; 

M CLKc fl^J ffi fi # fi 5fc fH ifi m M. CLKa fi^ffifu - ffi Rift - ^HAP/r 

35 ^5:Mffi sum nmm tu 2S&M'bt§-2O0 • ^:iijrjijf;t - m-Mffi sum /j^-200 

sf ' ^^nw m clk ^ffif£MetfSi»jp^ wBumm. - \mmm clk ^ 
mmwm wBu^mttmmmmMmmmm^m^mm clk_ref z^mm 

m - ffiiikmTffi'JrfflWffiM CLK ni!ltiil#,i>l^ WBL'^K^ffifi^ - ^VXteCT 1 ! 1 - 
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m A^f mmmmm 58 immmmiiLm mm mi m phased ly zmm • ^ 
w mmmm clk mmMmmmmmmmm&mmmm clk mmmwm wbu 
^^^jfflfi^ • mx ' tmm turn - -miiimm&Mim phasedly r; m m 
2 • winmm ti4 zm - ffitftfiasii&jtffi phasedly ^mmmmstwi 
5 h^ses 3' \tn^tm-t—m^zmmm m cLKa^cLKb ip ^mmmmth'r 
mmmmm cLKa m g j£ & itr r# m cLKb m > kimm cLKb wtnf.v 
# >w n ®j m m c LKa k m & - $g t% k m - ^ p$ f£ ffl fu m m m m m 



phasedly m m. fn't ' M if 3£ t£ £ ffil K R# M clk MfiWSjtuM^li 

imm clk n'j a i k< . ^ f£ i« is £ phasedly mm. 
io fit . grj n m. n z m m m m clk eg in & # ^ & m ^ m m m m clk m m 
& ' mmmmixLmmmm 50 {M^jufrntM clk mmmmm. wbl- 
5: ihi ffl & m m m m z m m m m mmm % m m clk_ref z.rmm m 
m >m m & m m « m 5 0 # m m m m m w & m m m % m p h as ed ly z 



mm > mttmmm 46 m&mBjEmmm&mmm.fem phasedly 
15 mw-mmmmwjmm clk j&£teig»&i&H£ii«giigj8i&B#iiE clk 
in ti 1 f ■/ - mmw^immmmmwimm clk ntnim^ wBL'^igf^^ 
M 1 1 w • 

Ifftijfi ' - f£ttt4ft»^ 44 ^#Hr£B— ^^m^ proc M#i 

20 fiflM'TO 50 £Mi-»-i«f§ 52 ( $oitf!BAf/T' ) • ffiif Wm proc 

m^jhffl-s-^tt^ 52 mtwmwm up - down Mit mm 54 . ^-m^ 

-i^mi • r^iif>v-'m-^i-::'ii^^52 ttissis/ji^ wbu^ f»^m»»b#m 
25 clk > wmmtamm^m-mm numi - num2 ♦ tMwi«iw 58 
^^♦HfeiiMs^fit phasedly - fiftx > mmm 34 mmmfrm • 

J4Kj^MSMrS^ 38 - 40 mitJ^M«##i$il • 5iJfiffijF« wbl'« 



kjb#m clk ^r^##*fflfiig ' mmmmmmm clk ^«?i3§»m^ wbu 

30 jWlii^ 44 M^-— mmMWi^Jj ( fault tolerance ) • \MM)b ^lEW^ti&JM 

mmii^Mm^mmwm wbl ^mmttm • ^» dvd+r m dvd+rw ^ 

35 wbl - ^ffifiii^siM^^Bf #^ma ' ffija ' ^Midmn wbl zm 
93 #] m -i! m n ' mmmmm^ 44 n s fia ^. m m z m m m m m m m 
—mMimmw'nj m^umwm proc ^ n i v. m *^ .u ^ 50 ^wwe- 
M^tbK^ 52 . mst'MmiiL-mmitmm 52 ^asfiMf^Mm^ proc 
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mu-$& itmummmm up * down - mm- mm 54 m^^m.±mm 
fit numi - num2' mmm s mm^mm^mmBMtk—mMmmm - 
mmmwmm 44 #ssf£itt^ proc > 1. \\mw m -m m tt & ^ 5 2 g «j n 

m it $5 li Kj m WBL'ffl fi Kj h# JDS clk jfc ft j ! j ffij in m UP > DOWN > 

5 ^jaustt&ss 54 fn ns&mmfflmwt up - down ^mrajfhSfcfia numi • 
num2 ^.nmmmmm 58 ° ^^-±^ - jss&^as^sfc proc awia 

ffi # ffi f'/ m II itUift 50 i'f fi M \ il' ffi ; i'l'J #1 i §1 WJ'knim PHASED LY /A H 

mmmmm^mm 46 tsMJiismM wm: &$i&jr$1c clk wagta^ 

10 

*a & w £n & m - *m # i,i $1 itj - ffi & ii si m ^ ^ st it - m 
m m m m - m m m m *> m m m w. m • m » m m fi n m m - m fi m m 
m. ^fes— ^mm-n^ n m m m m &t z 10 fi ^ & m m wj m m z m fi 
m > mmiiLmmmm^mi&mm^Mmm^mMWimm^zmwjmm 

15 i^ffifiMMlg(5tMi*^M^t0fiM^--^%MM^fflfiM - JUM'M 

m "SJEmi&tfmmm m m wi m m m m m m mttimmmm • mmmnmm 
20 §ifg#MiMfi m m m fsj 11. v m ± m iitmmzmm > m mm -mmm^m 

mmm^mi^mmi&mmm^m^MMmmmmm^mmmwjmmz 
25 m m 2. m fi m - m mtw^mmm^immmm mmwmmmumm 
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m + ft h - 1 m /K £ gfc « e^j a m - 



4a ' 4b - 4c 
12 ' 32 
15 * 36 
20 » 42 

22 • 44 
50 

54 > 60 
58 
64 
68 
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30 
34 
18 
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It 21 ' 46 



iiLi±Mnmm ! M 24 > 48 



14- tltfr 



PJ3 -t-trl 



s f¥ n v. m 
d m je hi m 



56 
62 
66 
70 



38 



it m m & m 
t/t m ts 

40 

JESS m 

|V]< #4 laY 



& m m 
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AM ° 
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30 24. 



35 



25. WIS »J$gB]5& 24 TOMt^Fl#JKi : lMi!IMTO ' S^iSMW 
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27. -rnvmrnimmr-) fju^ - : 

fit ; 

15 ^m^mmmmm—m^xwm • iiitsm#i^m=fftMMia 

29. wmHi 28 ^ifat^BtMmraMi^j^ ' M^mmmximjiz. 

20 

wteigftMi 1 mmMk^M urn - js^gyg -mmm • 



25 31. $n^ff wmitiig 28 ^mizft^Hf Mi^ifn^fl^^a • s^m^m^ji 

30 MIS— ftfil ° 



33. $o^it mmmw, is mrm^mmmmmmim > M^^mm~u 

35 

34. $p^ffwmHiii27WTM^BfMi : i^ifflMi/fi ' ■ 



20 



5 35. tiu^mm-mmmm 34 wfMt^«Mi«piiii^^^ • ^mm— mmm m 
mmmmm 0 mat m^s^^^i— s^as: ° 

36. m^mmmmw, 34 TOM^ntM^^^i;-^ • ^tiiatg 



37. $p^lf W-f'JfBHH 27 3S0fM^H#K!JlS^^7jiS • K^m^JiUW* 

15 
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